
Illuminating Au nuclei 
with ρ mesons.

R. Debbe for the STAR Collaboration
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The STAR collaboration reports the first observation of exclusive ρ0 photo-production, AuAu→
AuAuρ0, and ρ0 production accompanied by mutual nuclear Coulomb excitation, AuAu →
Au!Au!ρ0, in ultra-peripheral heavy-ion collisions. The ρ0 have low transverse momenta, con-
sistent with coherent coupling to both nuclei. The cross sections at

√
sNN = 130 GeV agree with

theoretical predictions treating ρ0 production and Coulomb excitation as independent processes.

PACS numbers: 25.20.-x, 25.75.DW, 13.60.-r

In ultra-peripheral heavy-ion collisions the two nuclei
geometrically ‘miss’ each other and no hadronic nucleon-
nucleon collisions occur. At impact parameters b sig-
nificantly larger than twice the nuclear radius RA, the
nuclei interact by photon exchange and photon-photon
or photon-Pomeron collisions [1]. Examples are nuclear
Coulomb excitation, electron-positron pair and meson
production, and vector meson production. The exchange
bosons can couple coherently to the nuclei, yielding large
cross sections. Coherence restricts the final states to low
transverse momenta, a distinctive experimental signa-
ture. The STAR collaboration reports the first observa-
tion of coherent exclusive ρ0 photo-production, AuAu→
AuAuρ0, and coherent ρ0 production accompanied by
mutual nuclear excitation, AuAu → Au!Au!ρ0. Ultra-
peripheral heavy-ion collisions are a new laboratory for
diffractive interactions, complementary to fixed-target ρ0

photo-production on complex nuclei [2].

Exclusive ρ0 meson production, AuAu→AuAuρ0 (c.f.
Fig. 1a), can be described by the Weizsäcker-Williams
approach [3] to the photon flux and the vector meson
dominance model [4]. A photon emitted by one nucleus
fluctuates to a virtual ρ0 meson, which scatters elasti-
cally from the other nucleus. The gold nuclei are not
disrupted, and the final state consists solely of the two
nuclei and the vector meson decay products [5]. In the

rest frame of the target nucleus, mid-rapidity ρ0 produc-
tion at RHIC corresponds to a photon energy of 50 GeV
and a photon-nucleon center-of-mass energy of 10 GeV.
At this energy, Pomeron (P) exchange dominates over
meson exchange, as indicated by the rise of the ρ0 pro-
duction cross section with increasing energy in lepton-
nucleon scattering [6]. In addition to coherent ρ0 produc-
tion, the exchange of virtual photons may excite the nu-
clei. These processes are assumed to factorize for heavy-
ion collisions, which is justified by the similar case of
two-photon interactions in relativistic ion collisions ac-
companied by nuclear breakup, where it was shown that
the non-factorisable diagrams are small [7]. The process
AuAu→Au!Au!ρ0 is shown in Fig. 1b. In lowest order,
mutual nuclear excitation of heavy ions occurs by the ex-
change of two photons [8, 9]. Because of the Coulomb
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FIG. 1: Diagram for (a) exclusive ρ0 production in ultra-
peripheral heavy ion collisions, and (b) ρ0 production with
nuclear excitation. The dashed lines indicate factorization.
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The STAR Ultra Peripheral Collisions at RHIC studies glancing 
(b>2RA no hadronic interaction) heavy ion interactions at high 
energies, Au+Au at√snn=200 GeV for this report. 
EM fields of Au ions (z=79), highly contracted by Lorentz 
boosts (γ=106.6) establish the only interaction between the 
ions. These fields are viewed as a strong flux of photons. 
Exchanged photons fluctuate into quark-antiquark dipoles 
which interact with the target ion.
At RHIC energies the coupling between the dipole and the 
target is dominated γ + Pomeron where the Pomeron is 
described as a gluon system with vacuum quantum numbers.

Our data sample contains events collected 
with two triggers:
a) Au ions remain intact after interaction.   
b) Au ions re-interact and emit a single 
neutron. Data presented here were 
collected with this trigger.
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UPC Main:
1 neutron in both ZDCs
Low multiplicity in |y|<1 selected with TOF
Veto charged particles at high rapidity (BBC)
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8Sonia Kabana, STAR Highlights, SQM2011, 18-24 September  2011

The STAR detector at RHIC

The STAR re-naissance :
  * Barrel Time of Flight:  75% since y2009, 100% since y2010

  * DAQ1000 since 2009

  * High Level Trigger (HLT)

Also less material inside TPC since 2008

Three main detectors :

TPC, TOF, BEMC

Cover midrapidity (|!|<1)

full azimuth

Allow for electron and

hadron ID in large

acceptanceZDC

UPC Topo
Low multiplicity in |y|<1 selected with TOF
Back to back hits in TOF sectors (excluding 
vertical cosmic rays
Veto charged particles at high rapidity (BBC) 
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ρ mesons are reconstructed from their 
decay into 2 π. The π identification is 
done using the sampling of ionization 
energy loss in the TPC gas. (up to 45 
samples)

The STAR TPC may have 
more than one event for 
every readout. We use 
the vertices to correlate 
tracks to the TOF slats 
that formed the trigger. 

We form pairs with tracks originating 
from vertices with less than 8 tracks.

We calculate the invariant mass of opposite charge 
pions to select our ρ candidates.
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Figure 8: The prediction of the dipole model for the t distribution of coherent J/ψ pho-
toproduction on nuclei assuming that the single nucleon distribution can be identified with
the Woods-Saxon distribution given in Appendix. The statistical errors of the simulated
measurements are based on the assumed collected sample of 106 events. The upper dashed
line shows the sum of the coherent and incoherent process in case of no correlations.
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Elastic scattering of the the dipole (which 
tends to be preferably a vector meson) on
the target ion produces a diffraction 
pattern determined by its spatial 
distribution. Because of the coupling to the 
Pomeron we are extracting the spatial 
distribution of glue in  Au nuclei. 

New interest on similar measurements in e+A 
colliders has spurred  some theoretical work:
Diffraction with J/Ψ to study spatial distribution or 
density effects.

Kowalsky and Caldwell
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Coherent interaction 
with the whole A nuclei

Incoherent interaction
(with individual nucleons)

First order kinematics:
the γ is completely longitudinal.
Transverse momentum of ρ 
balances the pT of outgoing Au
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A power law 
shape reproduces 
the “incoherent” 
part of our dN/dt 
distribution.
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Clean ρ candidates: only two opposite 
charge tracks per vertex, 1 neutron in 
both ZDCs, cut in ρ invariant mass, at
least 26 hits per track.

pT > 150 MeV on pion 
tracks to minimize 
acceptance x efficiency 
effects.
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Once the incoherent part of the
distribution is subtracted, the first 
three peaks of the diffraction pattern 
are discernible.

The diffraction pattern is a Fourier transformation of the spatial distribution of the target as function 
of impact parameter b. The spatial distribution in our event generator is based on a disk with radius:
R = r0 A1/3 with r0=c(1-c /A2/3). A Yukawa potential ( e-r/a0/r )   shape defines the edge of the disk.  The 
values of r0 and a0 are changed to generate several samples of 10 million events each. We select the 
values that match the data. This exercise has been done by eye.
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The best agreement 
between data and 
StarLight is found for 
r0 = 1.38 fm and 
a0 = 0.5 fm
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The value for the Au radius obtained with this match may indicate that we do not yet have a proper 
treatment for the kinematics or the reaction:
•We know so far that the contribution of t|| is small. 
•Should we include a transverse component to the γ momentum?
•What is the range of the Pomeron?
We are currently investigating other possible sources of distortion in the data (backgrounds, 
incoherent component subtraction, etc.)
•Or the measurement is already close to its final stage but the actual radius of Au at high energy has 
grown beyond the values measured at low energy.  T. Kodama et al. Phys. Rev. C 53, 501 (1996)

STAR Preliminary
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H. DeVries, C.W. De Jager, C. DeVries, 1987
ATOMIC DATA AND NUCLEAR DATA TABLES 36,495536 (1987)

Feeding the measured
distribution to a  
Fourier-Bessel 
transform:
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FWHM of this distribution corresponds to R ~ 6 fm

produces a result that is 
much closer to previous 
measurements. 
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Blue curve: Wood-Saxon with 
electron scattering results.

Another way to extract a “density function”
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This result obtained comparing preliminary data and the 
event generator StarLight is to be compared to R=6.38 
fm extracted from electron scattering measurements.).  
This analysis has just started. We are working on the 
extraction of the ρ meson detection efficiency from the 
embedding of pion pairs
from a ρ decay into actual STAR events. 
We are also identifying all possible source of systematic 
uncertainties on our future results.
We may also be measuring a growth of nuclei radius 
with energy.
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Summary and plans
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The main message of this report is:
•Scattering of ρ mesons produced in UPC events at 
RHIC can be used to study coherent diffraction off 
nuclei.
•More work is needed to identify backgrounds.
•In order to extract cross sections we need to extract
  efficiency X acceptance corrections for ρ detection.
•We need to find the best way to extract the spatial   
distribution of the target. Fits to the data or use of event
generators.
•Once we accomplish that we need to estimate our    
systematic uncertainties.
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This distribution in t 
includes background 
subtraction; the 
background
is estimated using 
equal sign pairs in the 
same t bins.

We also subtract the 
“incoherent” component 
after we fit it to a power 
law above t=-0.2 GeV2
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Equal sign pairs are counted in the red 
histograms (background).
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Comparison to e+A event generator Sartre

Sartre is run with 
electron and Au ions
at 100 GeV.
The flux of virtual 
photons is not the same 
as in Au + Au, it is 
expected that an overall 
normalization
would take care of that 
difference.

The agreement between data and Sartre is 
good, specially the location of the first and 
second dips. The match of the slope of the 
first peak and the magnitude of second 
and third one is also remarkable.

Sartre Au W-S parameters: 
R = 6.38 fm 

a=0.5 fm
ρ0 = 0.1693 fm-3
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Backup
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In 4-vector notation

Pγ + P in
A = Pρ + P out

a

The Mandelstam variable t can be written two ways:

t = (Pρ − Pγ)
2 = (P out

A − P in
A )2

t = (Eρ − Eγ)
2 − (�k − �pρ)

2

t = − �pρT
2 − (�k − �pρ�)

2

t = tT + t� with tT = − �pρT
2

and t� = −(�k − �pρ�)2

In the CM frame t� = −M4
ρ/4k2, the momentum of the photon can be extracted from

the rapidity of the ρ meson: y = ln(2k/Mρ)

t� in the target nuclei rest frame is then:

t� = −M2
ρ/(2γe|2y|)

1
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